Chemical investigation of the southern Australian marine alga Laurencia filiformis forma heteroclada resulted in the isolation of two new compounds, cycloisoallolaurinterol (16) and isoallolaurinterol (23), along with the previously reported sesquiterpenes filiformin (1), filiforminol (2), allolaurinterol (3) and bromolaurenisol (10). All structures were secured by detailed spectroscopic analysis since no previous 2D NMR studies had been described for compounds 1, 2 and 10. As a result of this study, the first single X-ray diffraction study for 1 was secured. The investigation of the chemical conversion of allolaurinterol (3) to filiformin (1) was monitored by on-flow HPLC-NMR, which also resulted in the identification of 23. We propose that both compounds 16 and 23 are formed as artefacts from allolaurinterol (3). HPLC-NMR was used to profile the crude extract of a marine organism, as well as for monitoring on-line compound chemical conversions. Both on-flow and stop-flow HPLC-NMR were successfully applied in the chemical profiling and compound chemical conversion studies of L. filiformis forma heteroclada. Compounds 2 and 3 displayed antimicrobial activities.
Red algae belonging to the genus Laurencia (Ceramiales, Rhodomelaceae) are a prolific source of secondary metabolites, predominantly producing sesquiterpenes, diterpenes, triterpenes, C 15 acetogenins and acetylenes [1] . Laurencia is a common genus occurring along southern Australian coasts, with numerous species having been credited to this region [2] . There are three known forms of L. filiformis including: forma filiformis based on the type which is generally a sheltered-water plant, epiphytic on seagrass; forma heteroclada a , based on L. heteroclada, a rough-water reef form; and a large, deeper-water form described as forma dendritica [3] . These three forms have also been found to be chemotaxonomically distinct [3, 4] . In addition, there are forms of Laurencia which are in between species and related to other species including, L. arbuscula a Laurencia filiformis forma heteroclada is also known as L. filiformis heteroclada Harvey (AlgaeBase database).
Sonder and L. tasmanica Hooker and Harvey [3, 4] . In terms of secondary metabolite chemistry, it is well known that L. filiformis forma heteroclada contains sesquiterpenes based on the laurane skeleton. However, there have been reported species of Laurencia collected in Australia, which produce chamigrene type sesquiterpenes [4] . By the mid 1970s, the occurrence of laurane related derivatives had been well documented [5] [6] [7] [8] [9] [10] . Many of these compounds were found to be present in the sea hare Aplysia sp. and the source of the Aplysia sesquiterpenes was almost certainly as a result of the Laurencia red algae on which Aplysia species are known to graze [11, 12] . In 1976, the isolation of four new laurane-related sesquiterpenes, filiformin (1), filiforminol (2) , allolaurinterol (3) and dihydrolaurene (4) , together with compound 5 were reported from a southern Australian L. filiformis forma heteroclada specimen [13] , whilst in 1977, a new selinane sesquiterpene, heterocladol (6) , was dibromo-3-chloro-7,8-epoxy-α-chamigrene (13) , together with deoxyprepacifenol (14) and 2,10dibromo-3-chloro-7-chamigrene (15) [21] .
As part of the continuing activities of the Marine and Terrestrial Natural Product (MATNAP) research group at RMIT University, we examined a specimen of the marine alga L. filiformis forma heteroclada collected from St. Paul's Beach, Sorrento, Victoria, Australia. The crude extract of this organism demonstrated moderate antiviral and antimicrobial activities. This prompted the isolation of compounds 1-3, 10 and 16. As a result of this chemical and biological investigation, two new compounds, cycloisoallolaurinterol (16) and isoallolaurinterol (23) were identified, the first single X-ray diffraction study was conducted on 1, unequivocally confirming its absolute configuration, and the first full 2D NMR characterization of compounds 1-3 and 10 has now been documented. This study permitted the successful application of HPLC-NMR to profile extracts of the L. filiformis forma heteroclada specimen. In particular, on-flow HPLC-NMR was employed to monitor secondary metabolite chemical conversions in situ. Profiling methodology: In the chemical screening of crude natural product extracts (also known as dereplication), two main approaches have been adopted. These include the use of conventional offline techniques such as HPLC, MS and NMR or, alternatively, by the use of on-line hyphenated approaches such as HPLC-MS, HPLC-NMR and HPLC-NMR-MS. The obvious advantage of the online hyphenated approach is the great potential to speed up the dereplication process [22] [23] [24] [25] . In this study, the applications of both off-line conventional and on-line hyphenated (HPLC-NMR) approaches were adopted to investigate the constituents of L. filiformis forma heteroclada. In the application of HPLC-NMR, two main modes of operation were employed. These included the on-flow HPLC-NMR mode to provide a rapid overview of the constituents present in the crude extract and selected fractions, together with the stop-flow HPLC-NMR mode to provide greater sensitivity and further structural insight. On-flow HPLC-NMR is far less sensitive than stop-flow HPLC-NMR, but the application of both modes in this study illustrates that important structural information can quickly be obtained from both types of analyzes. In particular, it was only the application of HPLC-NMR in this study that enabled the new compound isoallolaurinterol (23) to be detected. This study represents one of only a few applications where HPLC-NMR has been used to successfully profile the crude extract of a marine organism, as well as for monitoring in situ compound chemical conversions [25, 26] .
OH
Extraction and isolation of secondary metabolites from L. filiformis forma heteroclada by HPLC and NMR (off-line conventional phytochemical profiling): L. filiformis forma heteroclada was initially extracted in 2004 with 3:1 MeOH:DCM and then sequentially triturated into DCM (dichloromethane), MeOH (methanol) and H 2 O (water) soluble fractions, respectively. The DCM fraction was subjected to flash silica chromatography and only selected fractions analyzed by 1 H NMR spectroscopy. At this stage no further investigations were carried out and fractions were left to stand for approximately 48 months before being re-analyzed. After this period, selected fractions were combined on the basis of similarities in their 1 H NMR spectra and final purification was achieved using reversed phase HPLC to afford compounds 1-3, 10 and 16. Despite cycloisoallolaurinterol (16) being stored at 4°C, sample degradation was observed to begin ca. 7-10 days after purification.
Cycloisoallolaurinterol (16) was isolated as an unstable colorless oil, which rapidly degraded. A molecular formula C 15 H 17 BrO (seven degrees of unsaturation) was deduced by a combination of HREIMS and NMR experiments. The isotopic ratio [M] + :[M+2] + for the molecular ion at m/z 292/294 supported the presence of one bromine and EIMS analysis also showed the presence of intense ions at 277/279, again in a 1:1 ratio, suggesting the loss of a methyl moiety.
Analysis of the 1 H and 13 C NMR data (Table 1) indicated the presence of two singlet aromatic methines at δ 6.63 (1H, s, H-10) and δ 7.20 (1H, s, H-7), with a para-relationship. Also evident was the presence of a deshielded methine [δ 5.18 (1H, d, J = 2.0 Hz, H-2), C-2 (δ 99.2)], adjacent and consistent with a phenolic ether [27] . The presence of an olefinic methine moiety [δ 5.46 (1H, d, J = 2.0 Hz, H-3), C-3 (δ 122.3)] adjacent to an olefinic methyl at δ 1.70 (3H, d, J = 1.0 Hz, H-12) was supported by a COSY correlation. Remaining features included the presence of a further deshielded methine at δ 2.52 (1H, q, J = 7.0 Hz, H-5) and two methyl groups at δ 0.93 (3H, d, J = 7.0 Hz, H-13) and 1.42 (3H, s, H-14). Confirmation of the relative disposition and ortho relationship of the bromine and aromatic methyl substituent at δ 2.31 (3H, s, H-15) relative to each other, was supported from direct comparison with the NMR data reported for aplysin (17) and from carbon chemical shift predictions [27] . HMBC correlations enabled the remaining degrees of unsaturation to be identified as being due to two rings with key correlations between H-2 (δ 5.18, d, J = 3.0, 12.0 Hz) and H-7 (δ 7.20, s) to C-11 (158.8) and H-14 (δ 1.42, s) to C-2 (99.2) and C-6 (132.2), respectively. A combination of HMBC and COSY NMR correlations permitted the three rings to be assembled, supporting the structure of 16 (Table 1 ). This resulted in two possible structures (A and B) being proposed for 16 ( Figure 1 ). Selective 1D NOE NMR experiments and molecular modeling were used to calculate distances of protons to protons in space (typically less than 3Å) to confirm the correct relative structure. The 1D NOE NMR enhancements, which conclusively established the position of the double bond in the cyclopentene moiety, were Figure 1 : Important NOE enhancements that distinguished the correct structure (A) for cycloisoallolaurinterol (16) .
These NOE enhancements definitively identified the correct relative structure of 16 as structure A with the olefinic bond at the 3 and 4 positions rather than structure B (position 4 and 5), as these would be too distant in space to be observed in structure B. The relative configuration proposed for 16 is consistent with the relative configuration reported for 17 at positions C-1 and C-2 [27] , for which the relative configuration was unequivocally confirmed by means of a NOESY NMR experiment. No further confirmation of the relative or absolute configuration of 16 could be achieved since the compound degraded. Efforts to secure more of 16 from freshly extracted L. filiformis forma heteroclada were unsuccessful (see section describing the HPLC-NMR phytochemical profiling).
For the previously reported compounds 1, 2, and 10 it was quickly ascertained that the NMR data reported in the literature was incomplete. In particular, 1 H and 13 C NMR chemical shifts were not fully assigned and 2D NMR assignments were absent. As such, 2D NMR experiments (gCOSY, gHSQCAD and gHMBC) were recorded to permit the complete and unambiguous assignment of these compounds for the first time.
Filiformin (1) was isolated as a colorless oil and characterized by both 1D and 2D NMR spectroscopy and found to be identical to that previously reported [4, 13] from L. filiformis. The unique oxabicyclo[3.2.1]octane had been previously synthesized [28] [29] [30] and the total synthesis of (-)-filiformin has been achieved [31] [32] [33] . A single crystal of 1 was also obtained, which permitted the first single crystal X-ray diffraction study of 1 to be carried out. A thermal ellipsoid plot of 1 depicting 20% ellipsoids showing the absolute configuration as determined by X-ray analysis is given in Figure 2 . Full details are provided in the Experimental section. Filiforminol (2) was isolated as pale yellow oil, and shown to be closely related to 1. The compound was completely characterized by 1D and 2D NMR and found to be identical to that reported from L. filiformis [13] , including the relative configuration, which was confirmed on the basis of 1 H-1 H coupling constants. Filiforminol (2) has also been previously isolated from the CHCl 3 extracts of the red alga Hypnea pannosa J. Ag. (Karachi, Pakistan) [34] . The total synthesis of 2 was achieved in 1998 [35] . Allolaurinterol (3) was isolated as a yellow oil as the major constituent of L. filiformis forma heteroclada. Both the 1 H and 13 C NMR spectroscopic data were identical to those previously reported [13] . Allolaurinterol (3) has also been isolated from other algae including L. subopposita [36] , L. majuscula [37] and L. obtusa [38] , and the sea hare Aplysia dactylomela [39] , as well as having been synthesized [40] .
Bromolaurenisol (10) was isolated as an unstable pale yellow oil, which degraded within 3-5 days after purification. Rapid characterization was undertaken and the NMR data of 10 was found to be identical to that previously reported from L. filiformis forma heteroclada and from L. microcladia [4, 41, 42] . Bromolaurenisol (10) has also been isolated from the crude extracts of L. pacifica obtained from Avalon Harbor, Catalina Island, California [43] .
Compounds that were further evaluated for their biological activity were 1-3 and 10. These four compounds displayed IC 50 values ranging from >34-43 μM when tested at 1 mg/mL against the P388 murine leukemia cell line ( Table 2 ). In the time it took for these bioassays to be carried out compounds 2 and 10 had degraded. Filiformin (1) has been previously reported to inhibit oxygen uptake in isolated rat liver mitochondria at a concentration of 150 µM [44] . In another study [45] , 3 displayed activity against various Gram positive bacteria, including potent bactericidal activity against methicillin-resistant Staphylococcus aureus at a concentration of 2 × MIC value (6.25 µg/mL). Allolaurinterol (3) also displayed activity against VCM-susceptible Enterococcus faecium [45] . In a separate study, 1 showed moderate P388 activity and BSC-1 cytotoxicity, along with antimicrobial activity against Bacillus subtilis, Trichophyton mentagrophytes and Candida albicans [39] . Compound 3, isolated from Laurencia obtusa, displayed activity against Mycobacterium tuberculosis (16 µg/mL) [46] , along with moderate antifungal and antibacterial activity, as well as antialgal activity against the bacterium Bacillus megaterium and the fungus Ustilago violacea [38] . Bromolaurenisol (10) has been previously reported to display anticancer activity with an IC 50 of 26.5 µM (NSCHPLCN6 cell line) [42] .
In completing the biological evaluation of the compounds isolated in this study it was found that 2 and 3 showed slight inhibition of the growth of Bacillus subtilis and moderate inhibition of Trichophyton mentagrophytes, while filiformin (1) did not inhibit the growth of either Bacillus subtilis or Trichophyton mentagrophytes. The antimicrobial properties of compounds 2 and 3 are consistent with previous findings for laurane derivatives [47] . In the time it took to completely characterize the new compound 16, it had completely degraded, thereby precluding any biological testing from being carried out.
Secondary metabolite analysis of L. filiformis forma heteroclada by on-flow and stop-flow HPLC-NMR (on-line phytochemical profiling):
In an effort to re-isolate more of 16, a fresh extraction of L. filiformis forma heteroclada was carried out in exactly the same manner as the initial 3:1 MeOH:DCM extraction and trituation as outlined earlier. HPLC-NMR was then used to rapidly profile the range of secondary metabolites present in the DCM fraction to quickly confirm the presence of the brominated sesquiterpenes, which are so characteristic of this genus. However, on the basis of the off-line analytical HPLC and on-line HPLC-NMR studies conducted, the presence of 16 could not be determined in this freshly extracted sample of marine alga.
Once a suitable off-line HPLC separation method had been developed, the DCM fraction was profiled using both on-flow and stop-flow HPLC-NMR methodologies whereby analyzes of the major constituents were carried out ( Figure 3 ). On-flow HPLC-NMR analysis of the DCM fraction established the presence of a major metabolite, for which stop-flow HPLC-NMR experiments (WET1D 1 H and COSY NMR) resulted in the partial structure elucidation of this metabolite (Figure 3 ). Figure 3 ) permitted a number of key structural features to be ascertained without the need for any off-line isolation or purification. Close analysis of the WET1D 1 H NMR (Figure 3 ) identified the presence of two aromatic methine singlets (δ 7.14, s and 6.68, s) and two olefinic methines (δ 4.81, m and 4.92, m) that were coupled to each other (WET-COSY), as well as a further deshielded methine (δ 2.93, q, J = 7.0 Hz), which was coupled to the methyl moiety at δ 0.59 (d, J = 8.0 Hz). This HPLC-NMR data was consistent with compound 3. Analysis of the UV 2D contour plot obtained from the HPLC-NMR analysis identified the presence of additional low-level secondary metabolites. Compounds 1-3, 10 and 16 were found to be present either in low concentrations or not at all, even though the same extraction procedure was carried out as that conducted in the initial extraction and isolation of these compounds.
Acquisition of WET1D 1 H NMR and WET-COSY NMR data (shown in

Chemical transformation studies of L. filiformis forma heteroclada as monitored by on-flow and stop-flow HPLC-NMR:
In the second attempt to reisolate 16, HPLC-NMR studies of the DCM fraction were carried out, but the presence of compounds 1 and 16 could not be detected ( Figure 3 ). This finding is consistent with the possibility that some of these compounds undergo interconversion over time, since compounds 1-3, 10 and 16 were isolated from the DCM extracts of the same L. filiformis forma heteroclada specimen only after 48 months of storage.
The most structurally similar compound to 16 is aplysin (17) , for which the isolation was first reported over 40 years ago [27] . There have been several reports which discuss whether the host Aplysia sp. or the alga itself is the producer of these natural products, such as 5 derived from the genus Laurencia [5] . The rapid degradation/chemical transformation and instability of these natural products is well documented for many of the laurane derivatives undergoing rapid interconversion leading to the isolation of artifacts. The spontaneous acid catalyzed cyclization of laurane derivatives is also well documented [8, 10, 19] . The intramolecular acidcatalyzed cyclization of 18 to 17 and 19 to 20 upon addition of acid has been demonstrated [8, 10] . Despite the fact that these compounds have been isolated as natural products [10] , they have clearly been shown to occur as artifacts. Other examples include the conversion of 11 to 17 [19] and 21 to 22 [48] (Figure 4 ).
Since HPLC-NMR is particularly suited to the in situ analysis of unstable secondary metabolites, the L. filiformis forma heteroclada specimen in this study was analyzed by HPLC-NMR using the same HPLC methodology that was used to isolate compounds 1-3, 10 and 16 by off-line conventional methods. This was undertaken in an effort to detect the presence of 1 and 16 and to ascertain whether these compounds are natural products or possible artifacts. On-line HPLC-NMR analysis of the extract identified the presence of 3 and trace levels of compounds 2 and 10. However, compounds 1 and 16 were not present. This supported the theory that 1 and 16 could possibly be artifacts formed after several months of storage in various solvents, such as CDCl 3 (acidic conditions), as well as in the presence of oxygen. Following sample recovery after the initial 1 H NMR analyzes had been conducted, the fractions were left to stand in a combination of DCM and CDCl 3 in the fridge for a period of 48 months. Rapid chemical transformations have been previously reported by Kazlauskas et al. [17] , who originally isolated compounds 1-3 in 1976 and suggested that 3 spontaneously converted to 1 over a number of weeks. Kazlauskas et al conducted experiments whereby 0.1% d 1 TFA/D 2 O was added directly to the NMR tube and the conversion monitored [13] . This prompted us to conduct a similar study using HPLC-NMR to monitor any possible side reactions or chemical interconversion products of any other secondary metabolites present in the DCM fraction. In this way, the conversion of 3 was monitored directly using on-flow HPLC-NMR, as well as by GC-MS by first injecting a portion of the DCM fraction without the addition of TFA and then by reinjecting the DCM fraction after the addition of 0.7% TFA. This was carried out to establish the differences in the metabolites present before and after the presence of TFA in order to monitor any chemical transformations. It was evident in both the 2D-UV contour plot of the HPLC-NMR trace and the extracted 1 H NMR spectra obtained from the 2D-WET1D HPLC-NMR plots, that there were several side reactions occurring simultaneously, along with the conversion of 3 to 1. A compound later identified to be isoallolaurinterol (23) (17) and found to be the same as that in 16 [27] . On the basis of the WET1D 1 H NMR, the observed WET COSY NMR correlations, the Advanced Chemistry Development ACD/Labs Software for 1 H NMR predictions and comparison to model compounds in the literature [34, 49] we propose the structure of this minor, unstable compound as (23) ( Figure 5 ).
In order to obtain NMR data for isoallolaurinterol (23) two separate stop-flow HPLC-NMR experiments were necessary. Each of the stop-flow WET1D 1 H NMR and gCOSY data were separately acquired for a period of approximately 20 mins. After this period, it was observed that 23 had completely decomposed. After 30 mins the DCM fraction containing 0.7% TFA, was re-injected and the HPLC-NMR analysis showed that 3 had completely converted to 1 and that 23 was no longer present. These observations support the previous report that 1 is an artifact formed by the acid-catalyzed cyclization of 3 to the cyclic ether 1 [13] . Cycloisoallolaurinterol (16) could not be detected in the DCM fraction either before or after the addition of TFA by off-line conventional analytical HPLC, or by on-line HPLC-NMR in a freshly extracted sample of L. filiformis forma heteroclada. It is believed that compound 16 may have formed over the extended 48 month period as a result of the acid-catalyzed isomerization of allolaurinterol (3) leading to the formation of isoallolaurinterol (23) . A subsequent oxidative cyclization process resulted in the formation of cycloisoallolaurinterol (16) (Figure 6 ). The fraction resulting in the isolation of 16 was stored under mildly acidic conditions in a range of solvents, including CDCl 3 . Figure 6 ). The presence of 16 could only be detected in the crude extract fraction containing various solvents, including CDCl 3 (mildly acidic conditions), that were left to stand over a period of 48 months. In this time period fractions were left to stand which resulted in the formation and isolation of 16. This was not the case when the crude extract was freshly extracted followed by the immediate addition of 0.7% TFA (extremely acidic conditions) for the HPLC-NMR studies. The considerable time period, the presence of oxygen, as well as the acidity, are suggested to be crucial factors for the formation of 16.
One final possibility for the origin of 16 is that it could be derived from a symbiotic relationship with other organism/bacteria associated with the alga. It is possible that this association was not present in the remaining half of the specimen, which was extracted much later. This symbiosis is not an uncommon occurrence in marine organisms [11, 12] . This still leaves the remote possibility that 16 could either be a natural product or an artifact, although the later possibility is favoured.
GC-MS studies of L. filiformis forma heteroclada:
In an effort to detect the presence of the sesquiterpenes present in the crude extract of L. filiformis forma heteroclada before and after the addition of TFA, a small extraction of the alga was carried out. This was primarily undertaken to determine if the presence of 16 is promoted by acid. Approximately 2 g of the frozen alga was extracted with 3:1 MeOH:DCM and analyzed by GC-MS. Analysis of the GC-MS spectrum identified the presence of allolaurinterol (3) as the major constituent of the extract, which is consistent with 3 being the major component of the extract, as established previously by on-flow HPLC-NMR. In addition to compound 3, compounds 2 and 10 were also detected in the GC-MS spectrum of the crude extract. Since filiformin (1) forms from allolaurinterol (3), it too was detected in the GC-MS, but only at a relatively lower concentration compared with the other components. After this initial analysis, 0.7% TFA was added to the same crude extract in an effort to determine if the formation of 16 is brought about by the addition of the acid and to further prove that 1 is an artifact formed over time. Analysis of the GC-MS spectrum of the acidified crude extract could now identify the presence of compound 1 as the major component of the extract, thereby confirming it to be an artifact formed from the addition of the acid. In addition, low levels of 3 and 10 were also observed. No traces of compound 2 could be detected. Furthermore, the presence of a very low level peak exhibiting a molecular ion consistent with isoallolaurinterol (23) could now be seen in the GC-MS. We suggest that the addition of TFA results in the formation of the unstable intermediate 23 (at a very low relative concentration level) and that at this high acid concentration it is too unstable to detect. It is proposed that cycloisoallolaurinterol (16) was formed over an extended period (48 months) in a weakly acidic environment (CDCl 3 in DCM as opposed to 0.7% TFA), as well as in the presence of oxygen. This variation in acid strength could explain why 23 was only detected as an extremely minor peak in the GC-MS spectrum.
Biological evaluation: Compounds 1 and 2 displayed moderate antimicrobial activity while 3 showed only antifungal activity. Compounds 1-3 and 10 displayed IC 50 s in the range >34-43 μM in the P388 antitumor assay ( Table 2) .
Experimental
General experimental procedures:
All organic solvents used were Analytical Reagent (AR or GR), UV Spectroscopic or HPLC grades with milli-Q H 2 O also being used. Optical rotations were carried out using a 1.2 mL cell on a Jasco DIP-1000 digital polarimeter, set to the Na 589 nm wavelength. IR spectra were recorded as a film using a NaCl disc on a Perkin-Elmer Spectrum One FTIR Spectrometer. UV/Vis spectra were recorded on a Varian CARY 50 Bio Spectrophotometer, using EtOH. In addition, a UV profile was obtained from the HPLC (PDA detection) by extraction of the 2D contour plot. 1 H (500 MHz) and 13 with injector port set to standard split/splitless mode and a total run time of approximately 30 minutes.
The mass spectrometer was set to electron impact ionisation (EI) mode and a mass scan range between m/z 40 and 600. The second system consisted of a Varian (Palo Alto, CA, USA) Saturn 2200 GC-MS/MS and Varian CP-3800 Gas Chromatograph using a Varian VF-5ms 30 m × 0.25 mm ID DF of 0.25 GC column at a constant column flow of 1.0 mL/min. A temperature program started at 60ºC (held for 1 minute) and was was then ramped at 10ºC/min to 260ºC and held at this temperature for 5 minutes. GC parameters included an injector temperature of 250ºC, detector temperature of 260ºC with injector port set to standard split/splitless mode and a total run time of approximately 25 minutes. The mass spectrometer was set to the electron impact (EI) mode with a trap temperature of 200ºC and a mass scan range between m/z 40 and 450. High Resolution GC-MS analysis was carried out on a Bruker BioApex II 47e FTMS in EI mode. The direct insertion probe was used for the analysis. The sample was run at 70 eV at a source temperature of 200ºC. General TLC type analyzes were performed on precoated aluminum backed silica TLC plates (Merck™ silica gel 60 F 254 ) using the solvent system 65:25:4 (CHCl 3 :MeOH:H 2 O). The compounds were visualized at 254 and 365 nm and further developed using A: iodine vapor and B: a ninhydrin dip consisting of 0.3 g ninhydrin in 100 mL of n-butanol and 3 mL acetic acid. Silica flash chromatography was carried out with Merck™ silica gel (60 mesh) using nitrogen and a 20% stepwise solvent elution from 100% n-hexane to 100% DCM to 100% EtOAc and finally to 100% MeOH. All analytical HPLC analyzes were performed on a Dionex P680 solvent delivery system equipped with a PDA100 UV detector (operated using "Chromeleon" software). Analytical HPLC analyzes were run using either a gradient method (0 mins 10% CH 3 In an effort to re-isolate 16 a second extraction of the frozen sample of L. filiformis forma heteroclada (75 g) was undertaken with 3:1 MeOH:DCM (500 mL). The crude extract was decanted and concentrated under reduced pressure and then triturated into DCM, MeOH and H 2 O soluble extracts. The DCM fraction was immediately used to carry out on-flow and stopflow HPLC-NMR experiments for phytochemical profiling of the alga as well as to monitor on-line degradation and chemical transformations.
A small extraction of the frozen alga (2 g) was also carried out with 3:1 MeOH:DCM to permit analysis of the freshly extracted sample by GC-MS. Following this analysis, 0.7% TFA was added to the same extract and the sample re-analyzed by GC-MS and the results of the two analyzes compared.
Crystallography:
Intensity data were collected with a Bruker SMART Apex CCD detector using Mo-Kα radiation (graphite crystal monochromator λ = 0.71073); the temperature during data collection was maintained at 130.0 (1) using an Oxford Cryostream cooling device. Data were reduced using the program SAINT [51] . The structure was solved by direct methods and difference Fourier synthesis. Thermal ellipsoid plots were generated using the program ORTEP-3 [52] integrated within the WINGX [53] suite of programs. 
Biological evaluation and details of assays:
Extracts of L. filiformis forma heteroclada were evaluated in a number of biological assays including against a P388 Murine Leukemia cell line (antitumor assay), against Herpes simplex and Polio viruses (antiviral assays), as well as against a number of bacteria and fungi (antimicrobial assays) at the University of Canterbury, Christchurch, New Zealand. Insignificant antitumor activity was observed for the crude extract (IC 50 of 168,632 ng/mL when tested at 50 mg/mL). However, the L. filiformis forma heteroclada extract displayed antiviral activities against the Herpes simplex virus and the Polio virus, as well as moderate antimicrobial activity with zones of inhibition detected against Bacillus subtilis and Trichophyton mentagrophytes. No inhibition against Eschericha coli, Pseudomonas aeruginosa, Candida albicans or Cladosporium resinae was detected.
Antitumor assay (P388 murine leukemia cell line):
For the antitumor assay a two-fold dilution series of the crude extract, as well as compounds 1-3 and 10, were incubated for 72 h with P388 (Murine Leukemia) cells. The concentration of sample required to reduce the P388 cell growth by 50% (compared with control cells) was determined using the absorbance values obtained when the yellow dye MTT tetrazolium is reduced by healthy cells to the purple colored MTT formazan and is expressed as an IC 50 value, in ng/mL.
Antiviral assays (herpes simplex virus and polio virus):
The crude extract was pipetted onto 6 mm diameter filter paper discs and the solvent evaporated. The disc was then placed directly onto BSC-1 cells (African Green Monkey kidney), infected with either the DNA Herpes simplex virus type 1 (ATCC VR-733) or the RNA Polio virus type 1 (ATCC VR-192) and then incubated. The assays were examined after 24 h using an inverted microscope for the size of antiviral or viral inhibition and/or cytotoxic zones and the type of cytotoxicity.
Antimicrobial assays:
A standardized inoculum was prepared by transferring a loop of bacterial/fungal cells, from a freshly grown stock slant culture, into a 10 mL vial of sterile H 2 O. This was vortexed and compared with a 5% BaCl 2 in H 2 O standard to standardize the cell density. This gave a cell density of 10 8 colony-forming units per mL. The standardized inoculum (10 mL) was then added to 100 mL of Mueller Hinton or Potato dextrose agar and mixed by swirling, giving a final cell density of 10 7 colony-forming units per mL. A sample of this (5 mL) was poured into sterile 85 mm Petri dishes. The suspensions were allowed to cool and solidify on a level surface to give a 'lawn' of bacteria/fungi over the dish. The crude extract as well as compounds 1-3 were pipetted onto 6 mm diameter filter paper discs and their solvents evaporated. These discs were then placed onto the prepared seeded agar dishes (with appropriate solvent and positive controls) and incubated. Active antimicrobial samples displayed a zone of inhibition outside the disc, which was measured in mm as the radius of inhibition for each bacteria/fungi. The 6 organisms were Eschericha coli (G-ve ATCC 25922), Bacillus subtilis (G+ve ATCC 19659) and Pseudomonas aeruginosa (G-ve ATCC27853) for the bacteria and Candida albicans (ATCC 14053), Trichophyton mentagrophytes (ATCC 28185) and Cladosporium resinae for the fungi.
Filiformin (1) Isolated as a stable colorless oil; crystallized by vapor diffusion in a minimum amount of EtOAc/n-hexane (20:80) to yield a single, translucent rhombic crystal. Single X-ray diffraction studies were carried out and the data deposited at the Cambridge Crystallographic Data Centre, CCDC 656114. MP: 124.0-124.5°C UV (CH 3 
